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© Automatic focus control apparatus. 

© An automatic focus control apparatus (1 ) makes use of the 
chromatic aberration of a lens (2), such as a zoom lens (2) of a 
video camera, to detect focus position Information on the basis 
of amplitude values of respective primary colour signals derived 
by an image pick-up element (3), and hence control the focus of 
the lens (2). 
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Description 

AUTOMATIC FOCUS CON* 

This invention relates to automatic focus control 
apparatus. Embodiments ot the invention are par- 
ticularly, but not exclusively, suitable for use in 5 
auto-focus television cameras. 

Apparatus that detects the focus of a lens by 
detecting the contrast of a picked-up image is 
known (see Japanese patent application 
no. 62/146628). Such apparatus uses the fact that 10 
the picked-up image has the best contrast when it is 
in focus. This focused position of a lens will 
hereinafter be referred to as the properly-focused 
position. 

Accordingly, as shown in Figure 1, a properiy-fo- 15 
cused position P for an object can be detected by 
detecting the position of the lens at which an output 
signal from an image pick-up element has a 
maximum amplitude value. 

In a television camera using this principle, the lens 20 
is moved away from its position closest to the object 
while sequentially detecting the amplitude values of 
the output signals, whereby the television camera 
can capture the properly-focused position P by 
detecting the position at which the change from the 25 
increase to decrease takes place in the amptide 
value. Therefore, by adjusting the position of the lens 
on the basis of the detected result, it is possible to 
focus the object properly. 

Moreover, in the television camera, once the 30 
properly-focused state has been established, the 
position of the lens is vibrated back and forth around 
the properly-focused position P by a predetermined 
amount P w (hereinafter, this vibrating movement is 
referred to as wobble) so that any change in the 35 
properly-focused position P can be detected regard- 
less of the change of the properly-focused position 
P due to movement of the object. Thus, the position 
of the lens is adjusted on the basis of the detected 
result, thus making it possible to follow movement of 40 
the object while maintaining the properly-focused 
state. 

This kind of auto-focused apparatus, however, 
has a defect. Thus because the position of the lens is 
wobbled around the properly-focused position P by 45 
the predetermined amount Pw, the picked-up image 
is also wobbled unnaturally, resulting in the quality of 
the picked-up image being deteriorated. 

To solve this problem it has been proposed to 
wobble the position of the image pick-up element 50 
instead of the position of the lens. In this case, 
although the picked-up image can be prevented 
from being unnaturally wobbled, and the properly-fo- 
cused condition can be achieved, a driving mechan- 
ism such as an actuator is required to wobble the 55 
image pick-up element, and in consequence the 
overall arrangement of the auto-focus apparatus 
becomes complicated. 

Moreover, if the image pick-up element is wob- 
bled as described above, the picked-up image is 60 
repeatedly caused to lose focus, so again the image 
quality is deteriorated. Accordingly, the image 
pick-up element has to be wobbled at sufficiently 
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low frequency for the deteriorated quality of picked- 
up image not to be conspicuous to a viewer, but it is 
not then possible to maintain focus on a fast-moving 
object. 

According to the present invention there is 
provided an automatic focus control apparatus 
characterized by: 

lens means having chromatic aberration; 

means for converting an optical signal obtained 

through said lens means to an electrical signal; 

means for processing said electrical signal to obtain 

a plurality of primary colour signals; 

means for detecting the amplitude level of each of 

said primary colour signals; 

means for generating a control signal according to 

levels of said primary colour signals derived from 

said level detecting means; and 

means for controlling the position of said lens in 

response to said control signal. 

The invention will now be described by way of 
example with reference to the accompanying draw- 
ings, throughout which like parts are referred to by 
like references, and in which: 

Figure 1 is a graph used to explain a known 

auto-focus apparatus; 
Figure 2 is a schematic in block diagram form 

of an auto-focus apparatus embodying the 

present invention; and 
Figures 3 to 6 show a diagram, a graph, a 

table and a flow chart, respectively, used to 

explain the operation of the apparatus of Figure 

2. 

Figure 2 shows an embodiment of auto-focus 
apparatus 1 for use with a television camera, the 
apparatus comprising a zoom lens 2, in which Li and 
. L.2 designate lens groups thereof, which picks up an 
image of an object (not shown). The zoom lens 2 is 
arranged to have a predetermined, very small 
amount of a chromatic aberration, so that it will not 
deteriorate the quality of the picked-up image. 

As shown in Figure 3, when green light U is 
focused on a target screen Hf of an image pick-up 
element 3 (Figure 2), blue light Lb is focused at a 
position displaced towards the zoom lens 2 (or lens 
U) from the target screen H f by a predetermined 
very short distance Pb (this position will hereinafter 
be referred to as a forward focus side) while red light 
Lr is focused at a position displaced in the opposite 
direction, that is, towards the image pick-up element 
3, from the target screen Hf by a predetermined very 
short distance Pr (this position will hereinafter be 
referred to as a backward focus side). In this case, 
Pb is selected to be equal to Pr. 

With this arrangement, as shown in Figure 4, when 
amplitude values of blue, green and red signals S B , 
Sg and Sr from the image pick-up element 3 are 
detected by varying the focus position of the zoom 
lens 2 towards the forward and backward focus 
sides, the green signal Sg has the maximum signal 
level at the properly-focused position P of green light 
U. while the blue and red signals Sb and Sr have the 
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maximum signal levels at the forward and backward 
sides with respect to the properly-focused position 
P as represented by A and D in Figure 4, 
respectively. 

The properly-focused condition can therefore be 
achieved by adjusting the position of the zoom lens 2 
in such a manner that the amplitude value of the 
green signal So becomes larger than those of the 
blue and red signals Sb and Sr. 

To be more specific, referring back to Figure 2, in 
the auto-focus apparatus 1, the output signal from 
the image pick-up element 3 is supplied through a 
preamplifying circuit 4 to a signal processing circuit 
5, in which it is processed to form the blue, green 
and red signals Sb, Sg and Sr which are supplied to a 
matrix circuit 6, in which they are processed to form 
a luminance signal Y and two colour difference 
signals Sr-y and Sb-y. 

Band-pass filter circuits 7A, 7B and 7C, each of 
which has a frequency range of from 500 kHz to 2 
MHz, receive the blue, green and red signals Sb, Sg 
and Sn and extract alternating current components 
therefrom. Detecting circuits 8A, 8B and 8C, con- 
nected to the band-pass filter circuits 7A, 7B and 7C, 
respectively, envelope-detect the output signals 
from the band-pass filter circuits 7A, 7B and 7C, 
respectively. The amplitude value signals of the 
colour signals Sb, Sg and Sr therefrom are supplied 
to a selector switch 9. The output of the selector 
switch 9 is supplied to an auto-focus control circuit 
10 through an analogue-to-digital (A/D) converter 
12. The colour signals S B , Sg and S R are also 
supplied to a selector switch 11 whose output is 
converted by an A/D converter 13 to a digital signal 
which is supplied to the auto-focus control circuit 10. 

The auto-focus control circuit 10, which com- 
prises a computer processing circuit such as a 
microprocessor, supplies a switching signal Sci to 
the selector switches 9 and 11 . Thus, the auto-focus 
control circuit 10 is sequentially supplied with the 
output signals of the detecting circuits 8A, 8B and 
8C through the selector switch A/D converter 12, 
and also with the colour signals Sb, Sg and Sr 
through the selector switch 11 and the A/D 
converter circuit 13. 

Accordingly, in the auto-focus control circuit 10, 
the amplitude values of the colour signals Sb, Sq and 
. Sr from the A/D converter 12 can be detected, while 
the signal levels of the colour signals Sb. Sg and Sr 
from the A/D converter 13 can also be detected. 

The image pick-up element 3, the preamplifying 
circuit 4, the signal processing circuit 5 and the 
matrix circuit 6 form image pick-up means that picks 
up an image of an object by means of the zoon lens 
2. On the other hand, the band-pass filter circuits 7 A, 
7B and 7C, the detecting circuits 8A, 8B, and 8C, the 
selector switch 9 and the A/D converter 12 form 
amplitude value detecting means that detects the 
amplitude values of the colour signals Sb, Sg and Sr 
derived from the image pick-up means. 

Moreover, the auto-focus control circuit 10 in- 
cludes a table of values stored in internal memory 
(ROM) (not shown). In accordance with this table, 
the amplitude values of the colour signals Sb, Sg and 
Sr are divided by the signal levels of the correspond- 



ing colour signals S D , S c and Sr whereby the 
amplitude values are normalized by the signal levels. 

In practice, the amplitude values of the colour 
signals Sb, Sg and Sr change not only with the 

5 position of the zoom lens 2 but also with the hue of 
the object. However, In this embodiment, since the 
amplitude values of the colour signals Sb, Sg and Sr 
are normalized by means of the signal levels of the 
colour signals S B . Sg and Sr, an object having a 

10 different hue can be properly focused positively 
when picked up. 

Also, the auto-focus control circuit 10 is operative 
to compare the normalized amplitude values with 
respect to the respective colour signals Sb, Sg and 

75 Sr, and feeds a control signal Sc2 to a focus position 
control circuit 15 on the basis of the compared result 
thereof, thereby controlling the focus of the zoom 
lens 2. 

Figure 5 is a table representing the output 
20 characteristics, in which the normalized amplitude 
values Sb', Sg' and Sr' of the respective colour 
signals Sb, Sg and Sr are illustrated in sequential 
relative level orders, that decrease in the order I, II 
and III. The table of Figure 5 is stored in the internal 
25 (ROM) memory in the auto-focus control circuit 10. 
As can be seen in Figure 5, assuming that the 
zoom lens 2 is set at the properly-focused position P 
of green light Lg, then the green signal Sg' has the 
maximum amplitude values as represented by l ( and 
30 the blue and red signals Sb' and S R ' have amplitude 
values that are smaller than 1 but are equal to each 
other as represented by II. 

If on the other hand the zoom lens 2 is set at the 
position B that is ahead of the properly-focused 
35 position P, the amplitude values of the green and red 
signals Sg' and Sr' are caused to decrease as 
represented by I and III, while the amplitude value of 
the blue signal Sb' is caused to increase as 
represented by I in Figure 5. If the position of the 
40 zoom lens 2 is further advanced to the position A 
away from the properly-focused position P, the 
amplitude value of the blue signal Sb' is at a 
maximum, and the amplitude values of the green and 
red signals Sg' and Sr' tend to decrease as 
45 represented by I, II and II, respectively. 

Conversely, if the zoom lens 2 is set at the position 
C that is behind the properly-focused position P. the 
amplitude values of the green and blue signals Sg' 
and S B ' are caused to decrease as represented by I 
50 and III, and the amplitude value of the red signal Sr' 
Is caused to increase as represented by I in Figure 5. 
If the position of the zoom lens 2 is further moved 
away from the properly-focused position P to the 
position D, the amplitude values of the blue and 
55 green signals Sb' and Sg' tend to decrease, and that 
of the red signal and Sr' becomes a maximum as 
represented by HI, II and I in Figure 5. 

Consequently, the green signal Sg' has the 
maximum amplitude value in a range from the 
60 position B to the position C with respect to the 
properly-focused position P. If the position of the 
zoom lens 2 is moved to the positions B and C that 
are ahead of and behind the properly-focused 
position P, the blue and red signals Sb' and Sr' have 
65 the maximum amplitude values, respectively. 
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Thus, it is possible for the auto-focus control 
circuit 10 to determine by the compared result of the 
normalized amplitude values of the colour signals 
Sb', Sg' and Sr' derived from the respective colour 
signals Sb, Sg and Sr whether or not the focus 
position of blue light Lb is moved towards the zoom 
lens 2 side, whether or not the focus position of red 
light Lr is moved towards the image pick-up 
element 3 side, or whether or not green light Lg is 
property focused at the position P. It is also possible 
to detect by how much the position of the zoom 
lens 2 is displaced from the properly-focused 
position P of green light U. 

Moreover, in the auto-focus control circuit 10, the 
focal length of the zoom lens 2 is detected by a zoom 
amount detecting circuit 17. The thus detected focal 
length is used to compensate the above-mentioned 
detected results. 

In practice, in the zoom lens 2, the lengths Pb and 
Pr from the property-focused position P of green 
light Lg to the properly-focused positions A and D of 
blue light U and red light Lr are changed with the 
focal length of the zoom lens 2. 

Accordingly, the properly-focused position P can 
be positively detected, or the displacement of green 
light Lg from the properly-focused position P can be 
detected by compensating for the displacement 
from the properly-focused position P on the basis of 
the focal length of the zoom lens 2. 

Therefore, by adjusting the position of the zoom 
lens 2 such that the displacement from the property- 
focused position P falls below the predetermined 
value, it is possible to get the object in proper focus 
even if the object is moving fast, without wobbling 
the position of the zoom lens 2 or of the image 
pick-up element 3. 

With this embodiment of the invention, since the 
position of the zoom lens 2 and of the image pick-up 
element 3 need not be wobbled, the overall 
arrangement of the apparatus can be simplified, and 
the quality of the picked-up image can be prevented 
from being deteriorated. 

Thus, the auto-focus control circuit 10 forms a 
focus position information detecting means that 
detects focus position information to pick-up the 
object by means of the zoom lens 2, and by 
comparing the detected results of the normalized 
amplitude values of the respective colour signals Sb, 
Sg and Sr derived by dividing the amplitude values 
by the corresponding signal levels of the colour 
signals Sb, Sg and Sr. 

With this arrangement, an image of an object is 
focused on the target screen Hi of the image pick-up 
element 3 through the zoom lens 2 having the 
predetermined, very small amount of chromatic 
aberration and the amplitude values of the colour 
signals Sb, Sg and Sr thereof are detected via the 
band-pass filter circuits 7A. 7B, and 70 and the 
detecting circuits 8A, 8B, and 8C. 

Together with the colour signals S B , Sg and Sr, the 
amplitude values are supplied through the selecting 
circuits 9 and 1 1 and the A/D converters 12 and 13 to 
the auto-focus control circuit 10 that normalizes 
them by the signal levels of the colour signals Sb, Sg 
and Sr thereby producing the compared results. The 



compared results are compensated for on the basis 
of the focal length of the zoom lens 2, and the 
position of the zoom lens 2 is adjusted on the basis 
of the thus compensated result. 
5 The operation of the auto-focus control circuit 10 
in Figure 2 will now be described with reference to 
the flow chart of Figure 6. 

When the auto-focus operation starts at step 100, 
the amplitude values of the blue, green and red 
10 colour signals Sb, Sg and Sr are respectively 
normalized by dividing them by the signal levels of 
the corresponding colour signals Sb, Sg and Sr at 
steps 101, 102 and 103. 
Accordingly, normalized colour signals Sb', Sg' 
15 and Sr' are obtained. Then, the values of the 
normalized red and green signals Sr' and Sg' are 
compared at step 104. If the normalized red signals 
Sr' is greater than the normalized green signal Sg', 
then the normalized red signal Sr' is compared with 
20 the normalized blue signal Sb' at step 105. If the 
normalized red signal Sr' is greater than the 
normalized blue signal Sb', then it is determined at 
step 106 that the zoom lens 2 is located at about the 
position D according to the table of Figure 5. Then, a 
25 control signal for moving the focus ring (not shown) 
of the zoom lens 2 by the amount 2 x AF( F: 
minimum unit of the movement of the focus ring per 
one field of the colour signal, for example, 1 
mm/field) towards the image pick-up element 3 is 
30 generated at step 107, and this control signal is 
supplied to the focus position control circuit 15 as 
the control signal Scs at step 108. 

If the normalized red signal Sr' is not greater than 
the normalized blue signal Sb' at step 105, it is 
35 determined that this situation does not exist accord- 
ing to the table of Figure 5. Then, the routine goes to 
NG at step 109 and the focus ring of the zoom lens 2 
is not moved. 
Going back again to step 104, if the normalized 
40 green signal Sg' is equal to the normalized red signal 
Sr', then the routine goes to step 110, wherein the 
normalized green signal Sg' and the normalized blue 
signal Sb' are compared. If the normalized green 
signal Sg' is greater than the normalized blue signal 
45 Sb', it is determined at step 1 1 1 that the zoom lens 2 
is located at about the position C according to the 
table of Figure 5. Then, a control signal for moving 
the focus ring of the zoom lens 2 by the amount of 
AF in the direction of the image pick-up element 3 is 
50 generated at step 112, and this control signal is 
supplied to the focus position control circuit 15 as 
the control signal Sc2 at step 108. 

If the normalized green signal Sg' is not greater 
than the normalized blue signal Sb' at step 110, then 
55 it is determined that this situation does not exist 
according to the table of Figure 5, and the routine 
goes to NG at step 109. 

Returning to step 104 again, if the normalized 
green signal Sg' is greater than the normalized red 
60 signal Sr', the routine goes to step 113, wherein the 
normalized green signal Sg' and the normalized blue 
signal Sb' are compared. If the normalized green 
signal Sg' is smaller than the normalized blue signal 
Sb', it is determined at step 114 that the zoom lens 2 
65 is located at about the position A according to the 
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table of Figure 5. Then, a control signal for moving 
the focus ring of the zoom lens 2 by the amount 2 x 
AF in the direction of the object is generated at step 
115, and this control signal is supplied to the focus 
position control circuit 15 as the control signal Sc2 at 
step 108. 

If the normalized green signal Sg' is greater than 
the normalized blue signal Sb' at step 113, the 
routine goes to step 116, wherein the normalized red 
signal Sr' and the normalized blue signal Sb' are 
compared. K the normalized red signal Sr' is greater 
or smaller than the normalized blue signal Sb', it is 
determined that this situation does not exist accord- 
ing to the table of Figure 5, and the routine goes to 
NG at step 109. If the normalized red signal Sr' is 
equal to the normalized blue signal Sb', it is 
determined at step 117 that the zoom lens 2 is 
located at about the position P according to the 
table of Figure 5. Then, a control signal for stopping 
the focus ring of the zoom lens 2 is generated at step 
118, and this control signal is supplied to the focus 
position control circuit 15 as the control signal Sea at 
step 108. 

Going back to step 113, if the normalized green 
signal Sg' equals the normalized blue signal Sb', H is 
determined at step 119 that the zoom lens 2 is 
located at about the position B according to the 
table of Figure 5. Then, a control signal for moving 
the focus ring of the zoom lens 2 by the amount AF 
to the direction of the object is generated at step 
120, and this control signal is supplied to the focus 
position control circuit 15 as the control signal Sc2 at 
step 108. 

Each time the control signal Sc2 is supplied to the 
focus position control circuit 15 at step 108, it is 
determined at step 121 whether the next field of the 
colour signal has come by detecting vertical syn- 
chronizing signals (not shown) contained in the 
auto-focus control circuit 10. if so, the routine goes 
back to the beginning (step 100). 

While the properly-focused positions of blue light 
U and red light Lr are respectively displaced 
towards the zoom lens 2 and the image pick-up 
element 3 from the properly-focused position P of 
green light U by the predetermined very short 
lengths Pb and Pn in the above-mentioned embodi- 
ment, in other embodiments the properly-focused 
positions of blue light Lb and red light Lr may be 
respectively moved towards the image pick-up 
element 3 and the zoom lens 2. 

The present invention can be applied to an 
apparatus that utilizes a lens with no zoom function. 
If so, the zoom amount detecting circuit 17 is not 
necessary, which simplifies the overall arrangement 
of the apparatus. 

In the above-described embodiment the focus 
position information is detected on the basis of the 
amplitude values of the three colour signals Sb, Sg 
and Sr as described above, however, the present 
invention can be modified such that the amplitude 
values of, for example, the blue and red signals Sb 
and Sr only are employed to detect the focus 
position information. 

While in the above embodiment the position of the 
zoom lens 2 is adjusted on the basis of the amplitude 



values of the colour signals as described above, the 
present invention is not limited to the above-men- 
tioned embodiment and less advantageous embodi- 
ments can simultaneously use the prior art wobbling 

5 method. 

While in the above embodiment the position of the 
zoom lens 2 is adjusted on the basis of the focus 
position information as described above, the inven- 
tion can be applied to a wide variety of applications, 

10 for example, in which focus position information, is 
displayed. 

The invention can also be applied to other 
apparatus such as an image pick-up apparatus, a 
camera and so on that are used to pick up a still 
15 picture. 



Claims 

20 1. Automatic focus control apparatus (1) 

characterized by: 

lens means (2) having chromatic aberration; 
means (3) for converting an optical signal 
obtained through said lens means (2) to an 

25 electrical signal; 

means (4,5) for processing said electrical signal 
to obtain a plurality of primary colour signals; 
means (7,8) for detecting the amplitude level of 
each of said primary colour signals; 

30 means (10) for generating a control signal 

according to levels of said primary colour 
signals derived from said level detecting means 
(7,8); and 

means (15) for controlling the position of said 
35 lens in response to said control signal. 

2. Apparatus (1) according to a claim 1 
wherein said primary colour signals are red, 
green and blue signals. 

3. Apparatus (1) according to claim 1 or 
40 claim 2 wherein said detecting means (7,8) 

comprises separate series circuits of a filter (7) 
and a level detector (8) provided for each of 
said primary colour signals, and first switch 
means (9) for selectively supplying an output of 
45 said level detectors (8) to said control signal 

generating means (10). 

4. Apparatus (1) according to claim 3 wherein 
said control signal generating means (10) 
normalizes the outputs of said level detectors 

so (8) by respectively dividing said outputs by the 

amplitude levels of the corresponding primary 
colour signals supplied by said processing 
means (4,5). 

5. Apparatus (1) according to claim 4 further 
55 comprising second switch means (11) for 

selectively supplying said primary colour signals 
to said control signal generating means (10). 

6. Apparatus (1) according to claim 5 further 
comprising analogue-to-digital converter 

60 means (12,13) for separately converting the 

outputs of said level detectors (8) and the 
output of said second switch means (11). 

7. Apparatus (1 ) according to claim 6 wherein 
said control signal generating means (10) 

65 includes stored information representing level 
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supplied to said control signal generating 
means (10) for compensation ot said control 
signal. 

9. Apparatus (1) according to claim 2 further 
5 comprising a matrix circuit (6) for converting 

said red, green and blue primary colour signals 
to a luminance signal and colour difference 
signals. 

10 
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orders of said primary colour signals versus 
each focus point of said primary colours, and 
wherein said control signal is generated ac- 
cording to said stored Information. 

8. Apparatus (1) according to any one of the 
preceding claims wherein said lens means (2) is 
a zoom lens (2) and said apparatus (1) further 
comprises means (17) for detecting the zoom 
amount of said zoom lens (2), the output of said 
zoom amount detecting means (17) being 
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